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KSTFARIHS  CURRENT  tfhTTO  CONTRACT 

H10GKE55  REPORT 
FOR  PERIOD  ENDING  ig  JUKE  1?53 

The  planning  cf  the  "Canti  lever-Type*  current  meter  has  pro- 
ceeded in  the  direction  indicated  in  the  last  progress  report;  that  lo, 
the  "i"-T/pe  Position  Convectron  ha#  been  replaced  by  resistance  wire 
strain  gauges  as  a cantilever  load  detector. 

In  sensing  the  velocity  with  a circular  disc  attached  to  the 
end  cl  a cantilever,  a disc  8.5  inch ©3  in  diameter  and  a 2-foot  canti- 
lever with  3/8"  x l/l6"  cross-section  are  ueed.  With  thla  arrangement, 
the  strain  produced  at  the  fixed  end  of  the  cantilever  by  a current  of 
0.1  ft. /sec.  is  about  30  x 10”^  inches  wll^ch  can  be  measured  with 
reasonable  accuracy  with  strain  gauges.  To  limit  the  deflection  of  the 
cantilever  under  hlgn  velocities,  a •cubic*  spring  (one  with  realatanca 
proportional  to  tne  tnird  poser  of  the  deformation)  at  the  back  of  the 
disc  was  suggested.  however,  ouch  a soring  is  difficult  to  make,  and 
is  easily  put  out  of  working  order  by  clogging  between  the  colls  of 
floating  debris.  Instead,  enree  cantilevers  with  various  stiffnoss  are 
ueod,  as  shown  in  the  Figure  -5a.  Tilth  this  arrangement,  the  maximum 
defloction  of  the  cantilever  ie  6 Inches  under  a velocity  of  5 ft. /sec. 
3arring  disturbances  due  to  turbulence  in  the  flow  and  movement  of  the 
support,  tho  error  of  observation  on  velocity  due  to  an  error  in  strain 
measurement  cf  10*6  lnchea  is  considerably  less  tfian  0.00 6 ft. /sec.  for 
veiocilioo  up  to  1 ft. /sec.,  and  is  leso  than  0.012  ft. /sec.  for  veloci- 
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ties  from  1 ft. /sec.  to  'j  ft. /sot. 

Becsuoe  of  the  high  degroo  of  sensitivity  required  in  this 
application,  a servo-balance  ays tea  la  being  need  rather  than  an 
amplifier-metar  arrangement.  The  components  fotr  this  system  have  been 
procurad,  and  can  be  eu'jn  ir  figure  la.  The  arrangement  shown  in  the 
photograph  does  not  represent  tho  final  fora  of  the  instrument,  but  has 
been  made  to  permit  convenient  chscldng  of  system  characteristic#  *uch 
as  balance  sensitivity,  response  time,  noise,  and  drift. 

The  bar  at  the  bottom  of  the  photograph  is  the  brass  canti- 
lever beam  being  used  for  these  bench  testa.  It  is  not  the  same  as  the 
final  cantilever  in  either  section  or  length,  but  servee  the  purpose  of 
producing  strain  in  the  four  gauges  attached  soar  one  end  of  the  bar. 
These  gauges  are  connected  in  aeries  to  produce  one-half  of  a Wheatstone 
bridge  circuit.  Tho  remainder  of  the  bridge  circuit,  including  a ten- 
turn  Helipot,  is  contained  In  the  aluminum  box  on  the  right  side  of  the 
assembly  at  tho  top  of  the  photograph.  The  Heliput  shaft  extends  through 
the  mounting  plate,  and  is  geared  to  the  servo  motor  and  to  the  revolu- 
tion counter.  The  counter  indicates  the  balance  position  of  the  serve 
system,  and  therefore  the  deflection  of  the  cantilever  beam-  A oaaera 
will  be  used  in  the  final  instrument  to  photograph  this  counter. 

Figure  2a  shows  the  components  of  the  compass  system  to  be 
used  to  indicate  the  direction  of  the  current  in  the  final  instrument. 

The  unit  on  the  right  is  the  magnetic  compass,  and  will  be  housed  in  the 
current  sensing  head.  The  other  two  components,  the  compass  remote  indi- 


that  we  are  using  1 megacycle  for  the  ultrasonic  frequency.  It  was  fait 
that  at  this  high  a frequency  the  most  important  oonaideration  would  be 
the  packaging  problem,  so  that  there  was  little  information  to  be  gained 
by  building  a breadboard.  This  first  model  is  a miniaturised  version 
with  a ehape  moat  likely  to  fit  the  instrument  head  that  le  now  being 
considered. 

The  transducers  are  the  same  ones  described  in  the  ]*wt  progress 
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report.  Ho  changes  havo  boon  found  necessary  after  many  hours  of 
operation  and  many  weeks  of  submergence.  However,  cose  refinements 
in  the  final  transducer*  will  permit  more  simple  installation  of  the 
cryatale  and  cables. 

The  ultrasonic  current  meter  has  been  successfully  operated 
indicating  a phase  difference  introduced  by  changing  the  soacing  between 
the  transducers.  Several  problems  to  receive  attention  as  soon  as  time 
permits  are i 


1.  A circuit  to  inject  accurate  Increments  of  phase 
shift  in  the  transducer  circuits. 

2.  A switch  to  interchange  the  transducer  functions . 

3.  A power  supply  package  to  be  contained  In  the 
anchor. 

U.  A current  velocity  and  direction  recorder  to  be 
contained  in  the  anchor. 

5.  An  operation  •prograaner*. 

Two  brief  discussions  will  be  made}  one  to  desorlbe  the  ■pro- 
grammer1* operation,  and  the  other  to  describe  the  meter  operation. 

In  previous  reports  it  was  pointed  out  that  the  ultrasonlo 
signal  must  be  transmitted  upstream  and  downstream.  Hie  primary  reason 
for  this  is  that  static  head  pressure,  temperature,  and  salinity  of  the 
water  all  have  the  same  affect  as  water  velocity  on  the  phase  difference 
between  the  transmitted  and  received  ultrasonic  signal.  The  first  three 
effects  will  be  the  eaae  whether  the  signal  is  transmitted  upstream  or 
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downstream,  wni]«  the  water  velocity  Induced  phase  difference  will  be 
the  same  in  magnitude,  but  opposite  in  direction  when  the  direction 
of  transmission  is  reversed. 

The  "programmer"  will  be  controlled  by  a clock,  starting  the 
equipment  every  half  hour,  .if ter  a suitable  warm-up  period,  the  ultra- 
sonic signal  will  be  transmitted  upstream  and  down,  perhaps  two  or 
three  tinea  in  each  direction,  and  the  phase  difference  will  be  recorded 
continuously.  The  compass  indication  will  be  recorded  simultaneously, 
afterwhich  the  "programmer*  will  de-energise  the  equipment. 

7/hen  the  "programmer"  a tarts  the  meter,  the  crystal-controlled 
oscillator  drives  the  transmitting  transducer  and  the  reference  channel 
mixer  at  a frequency  of  1 megacycle.  The  receiving  transducer  signal  is 
fed  to  & one-stage  amplifier  and  thence  to  the  signal  channel  mixer. 

Both  of  these  mixers  are  controlled  by  a 1.008  me.  crystal,  and  so  the 
output  of  both  channels  Is  an  8 kc.  signal.  These  two  8 kc.  signals 
have  maintained  tho  phase  difference  present  in  the  1 me.  signals,  and 
are  then  amplified  and  clipped  to  the  point  where  they  appear  as  steep 
front  square  waves.  At  this  point,  the  signals  are  fed  to  a bi-atable 
circuit  wherein  provisions  are  made  to  L’idicate  the  proportion  of  the 
time  that  the  clrault  is  in  either  of  the  stable  states.  This  informa- 
tion in  available  in  the  form  of  a D.C.  current,  the  magnitude  of  which 
Is  proportional  to  the  phase  difference  between  the  transmitted  and  re- 
ceived ultrasonic  signals.  There  will  be  two  of  these  current  magni- 
tudes! one  for  upstream  and  one  for  downstream  transmission.  The  dif- 
ference between  these  two  currente  will  then  be  proportional  to  the 
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water  velocity. 

Support  Houaing» 

As  stated  in  previous  reports,  the  instrument  should  not  be 
suspended  from  the  boat  or  a float  so  as  to  avoid  induced  currents  due 
to  movement  of  the  boat  or  the  float.  The  instrument  is  to  be  attached 
to  t support  with  an  overall  density  which  is  leee  than  water.  Thia 
support  is  connected  by  a wire  to  a removable  anchor  reeting  at  the 
bottom  of  the  estuary. 

For  this  support,  a paravane  was  originally  suggested.  This 
arrangement  will  maintain  a practically  fired  position  of  the  instru- 
ment, as  reported  previously.  However,  it  has  been  found  that  in  order 
to  provide  space  for  instruments  within  the  paravane,  and  at  the  same 
time  to  maintain  its  stability  against  possible  current  disturbances,  a 
paravane  weighing  about  300  pounds  would  be  required. 

In  view  of  the  undesirable  weight  of  the  paravane,  other  shapes 
for  the  support  have  been  investigated.  It  has  been  found  that  a hollow 
body  of  revolution  with  horizontal  and  vertical  stabilising  fins  will 
answer  the  purpose  (See  sketch.  Figure  6a).  Although  thia  support  will 
drift  more  than  a paravane  would  ( maximum  angle  between  connecting  wire 
and  the  vertical  being  lees  than  10  degrees),  its  weight  is  lees  than 
100  pounds,  which  can  be  handled  by  one  person  without  great  difficulty. 
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APPENDIX  X 

CONVBCTRON  PERFORMANCE 

Two  T-Type  Position  Canveotrona  were  procured  from  the 
manufacturer  for  the  purpose  of  determining  their  suitability  for 
U3e  in  the  drag-dioc  current  aetor.  A fixture  was  designed  and 
built  30  that  both  eta  tic  and  dynamic  tests  might  be  made.  A photo- 
graph c?  this  fixture  may  be  seen  in  Figure  1. 

A e tael  shaft  is  mounted  in  ball  bearings  and  supported  by 
a rigid  "A"  frame.  A plastic  Corrvectron  housing  box  is  mounted  on  one 
er.d  of  thd  n shaft  and  a large  spur  gear  near  the  other  end.  The  plaatio 
box  wan  required  to  shield  the  Convectrcn  from  random  air  currents.  The 
gear  wsa  used  to  drive  a smaller  gear  attached  to  a three-turn  Helipot 
shaft.  A plana  mirror  was  mounted  on  the  gear-end  of  the  shaft. 

A line  source  of  light  was  focused  on  this  mirror  from  a dis- 
tance of  17  feet  and  reflected  to  a vertical  scale  on  a wall  near  the 
light  source.  This  arrangement  provided  an  optical  lever  3U  feet  long. 

A translation  of  the  line  image  on  the  scale  of  l/l6  inch  could  be  readily 
detected,  and  this  corresponds  to  an  angle  of  0.5  minute  of  arc.  This 
optical  system  vas  uoed  to  measure  the  inclination  of  the  Convectrcn  for 
all  of  the  static  data  in  this  roport. 

The  Helipot  was  installed  to  have  a maana  of  measuring  the  in- 
clination of  the  Conveotron  for  dynamic  teats,  since  the  optical  system 
could  not  be  so  used.  The  Helipot  provided  an  inclination  resolution  of 
0.1  degree  of  arc  which  was  exifficient  for  this  type  of  test.  No  dynamic 
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teat  date.  are  included  in  this  report  for  reasons  to  bo  discussed 
presently. 

Ths  Convectrcn  la  a simple  hot  wire  device  and  consists  of 
two  balanced  sections  of  filament  enclosed  in  a glass  envelope  filled 
with  an  inert  gas.  The  two  sections  of  filament  form  a *V*  with  a 
90  degree  vortex  angle.  . The  plane  of  the  Convoctran  ie  mounted  normal 
to  the  axis  of  the  rotation,  (or  inclination)  to  be  measured,  and  is 
balanced  with  tho  "V“  vertical,  or  with  each  section  of  the  filament 
inclined  at  approximately  h5  degrees  to  the  vertical. 

deviation  from  this  balanced  position  will  cause  unequal  con- 
vection cooling  rates  in  the  two  filament  sections,  and  a resulting  un- 
balance in  the  filament  resistance  appears  as  a Wheatstone  bridge  output. 

A test  was  made  on  the  Convectrons  to  determine  the  dependence 
of  the  output  on  the  magnitude  of  the  excitation  voltage.  The  first 
tests  wore  made  usxng  1,000  c.p.s.  and  60  c.p.s.,  but  the  null  voltage 
roa  excwssive  in  both  cases.  For  this  reason  B.G.  excitation  was  used 
throughout  the  following  tests. 

The  families  of  curves  in  Figures  2 and  3 are  the  result  of 
this  teat  on  Convectrons  numbers  1 and  2,  respectively.  A fixed  re- 
sistor was  used  in  serd  es  with  the  Corrveotron  bridge  output  so  that  a 
millianmeter  with  a U inch  scale  could  be  used  as  an  indicator.  For 
this  reason,  the  ordinate  of  these  curves  is  bridge  output  current . The 
data  were  obtained  by  setting  and  maintaining  the  excitation  at  a given 
level  while  varying  the  inclination  of  the  Convectron.  This  was  done 
in  l/2-volt  steps  at  voltages  between  7 and  12  volts.  Kach  curve  repre- 
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sents  the  Convectron  bridge -output  at  a given  inclination  aa  a function 
of  spoiled  voltage. 

The  most  significant  conclusion  to  be  drawn  from  these  curves 
is  that  there  is  no  excitation  voltage  for  which  the  rate  of  change  of 
bridge  output  with  applied  voltage  is  the  same  at  all  inclinations. 

This  would  ba  an  undesirable  feature  because  of  the  difficulty  of  main- 
taining a fixed  excitation  voltage. 

Another  conclusion  that  is  apparent  from  these  curves  is  that 
Convectron  sensitivity  is  vary  much  dependent  on  applied  voltage  and  has 
a pronounced  peak  at  approximately  10  volts.  These  curves  also  indicate 
that  the  null  inclination  is  a function  of  the  applied  voltage  magnitude. 
For  this  reason  another  teat  was  run  wherein  the  inclination  at  null 
was  measured  for  different  applied  voltages.  Tiie  ro suits  can  be  seen 
in  the  curve  of  Figure  b.  The  null  inclination  angles  shown  are  only 
relative  to  each  other  since  ths  null  position  can  be  found  only  by  noting 
the  physical  position  which  provides  a zero  output  voltage  from  the  bridge. 
In  other  words,  the  vertical  axis  of  the  *Y*-shaped  envelope  (See  Figure  1) 
does  not  correspond  to  the  vertical  symmetry  axl.-s  of  the  filament.  There- 
fore, locating  the  symmetry  axis  of  the  glass  envelope  would  be  of  no 

value.  This  mi w'ymn t.a  n o«r>tjEH  n rimrni;  mill  stabilitv  sfcd!t 

9.6  volts  excitation.  This  feature  of  the  Convectron  would  require  14 
control  of  the  bridge  voltage. 

This  voltage  (9.6  volts)  was  usod  for  the  next  test,  wherein 
the  .reproducibility  of  the  Convectron  output  was  checked.  The  Convectron 
was  inclined  through  tho  total  range  of  the  optical  system,  and  output 
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readings  ware  taken  at  random  over  a period  of  a day,  These  readings 
were  all  plotted  in  Figure  5,  and  curves  were  drawn  through  the  ex- 
treme points  on  both  the  high  and  the  low  output  aides.  The  average 
width  of  the  band  along  the  horizontal  axis  is  approximately  UO  minutes 
of  inclination.  This  Is  quite  large  when  one  considers  the  fact  that 
the  largest  error  in  water  velocity  desired  corresponds  to  3 minutes 
of  inclination  over  the  range  of  20  degrees  of  Convectron  inclination. 

The  stability  of  the  Ccrrvectron  bridge  output  seemed  very- 
good  aftor  a long  (30  minutes)  warm-up  period.  In  an  effort  to  deter- 
mlno  the  cause  of  thi3  lag,  th©  bridge  was  set  up  uBing  precision  re- 
siators  and  a higi  sensitivity  (0.11  microampere  per  e.m.)  galvanometer 
as  an  indicator.  With  this  arrangement,  the  smallest  galvanometer 
scale  division  (1  an.)  corresponded  to  approximately  0.5  second  of  arc 
at  the  null  position.  Under  these  conditions,  the  galvanometer  was  read 
immediately  after  applying  the  excitation,  and  thereafter  every  aihuto 
for  20  minutes.  This  data  is  the  loner  curve  of  Figure  6. 

The  upper  curve  of  Figure  6 was  obtained  by  duplicating  this 
test  after  applying  a coat  of  aluminum  Daint  to  the  envelope.  This  was 
dona  in  order  to  show  tho  effect  of  the  envelope  heat  dissipation  proper- 
ties. There  is  not  enou^i  difference  between  these  two  curves  to  draw 
any  conclusions. 

Conclusions i 

The  Convoctron,  aa  the  manufacturer  suggests,  is  a highly 


sensitive  device*.  It  can  be  used  to  detect  extremely  small  rotations. 
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but  as  found  by  the  above  tests,  it  ia  limited  to  long  period  phenomena 
unless  accuracy  is  ~ secondary  consideration.  It  would  perhaps  be  de- 
sirable to  apply  it  to  the  maasuroment  of  a small  range  of  angles  where 
oav oral  minutes  ware  available  for  each  reading,  and  where  precise  con- 
trol could  be  maintained  over  the  excitation  voltage  and  the  ambient 
temperature. 
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